Occultation detection of a Neptune ring segment by Brahic, A. et al.
OCCULT .TION DETECTION OF A ;JEPTUNE RING SEGMENT; W. B. Hubbardl, 
A. Brahic ' ,  P. Bouchet3.  L.-R. E l i c e r 4 ,  R. Hae fne r5 .  J. Manf ro id6 ,  F. 
Roques2, B. Sicardy2, and F. V i l a s l * *  
1Lunar and P lane ta ry  Laboratory.  Un ive r s i ty  of Arizona 
2Univers i t& Paris V I I ,  Observa to i re  de P a r i s  
3European Southern Observatory,  Ch i l e  
'Cerro Tolo lo  Inter-American Observatory,  Ch i l e  
SUnive r s i t ae t  s t e rnwar t e ,  Munich 
' Inst  i t u t  d 'bs t rophys ique  de LiCge 
t h e  Nat iona l  Science Foundation under c o n t r a c t  No. AST 78-27879, 
* 
V i s i t i n g  astronomer,  Cerro Tololo Inter-American Observatory. supported by 
In t h e  s t e l l a r  o c c u l t a t i o n  technique. p l ane ta ry  as t ronomers  use  high- 
speed photometers  t o  observe  a s t a r  a s  it passes behind a p l ane ta ry  system. 
The s t a r  a c t s  as a d i s t a n t  beacon t o  t r a c e  m a t e r i a l  near  t h e  p l ane t  and i n  
t h e  p l ane t ' s  atmosphere. 
observer  causes an i n t e r r u p t i o n  of t h e  s t a r l i g h t .  Observers a t  d i f f e r e n t  
l o c a t i o n s  on t h e  e a r t h  t r a c e  d i f f e r e n t  paths  through the  p l ane t ' s  neighbm- 
hood, and t h e i r  d a t a  can Le combined t o  b u i l d  up an "image" of t h e  o c c u l t i n g  
m a t e r i a l .  Small o b j e c t s  c l o s e  t o  p l a n e t s  can f r e q u e n t l y  be r e a d i l y  d e t e c t e d  
by t h i s  technique. even ihough such c b j e c t s  are d i f f i c u l t  o r  imposs ib le  t o  
image d i r e c t l y  because they tend t o  be l o s t  i n  t h e  g l a r e  of l i g h t  from the  
p l a n e t  i t s e l f .  
A s t e l l a r  o c c u l t a t i o n  i n  1977 r evea led  t h e  r i q g s  of Uranus, and a s t ron -  
omers immediately soug:it t o  apply the same technique  t o  a s ea rch  f o r  ma- 
t e r i a l  around Neptcne. The f i r s t  good oppor tun i ty  f o r  Neptune came i n  1981, 
when worldwide obse rva t ions  of t h r e e  s t e l l a r  o c c u l t a t i o n s  were used t o  probe 
f o r  Neptune r ings.  
t h e r e  were no i n t e r r u p t i o n e  of the  s t a r l i g h t  by anyth ing  except the  planet .  
The one except ion  was an 8-second i n t e r r u p t i o n  of t h e  l i g h t  observed i n  two 
exper iments  opera ted  by Un ive r s i ty  of Arizona s c i e n t i s t s  a t  o b s e r v a t o r i e s  
near Tucson, But a cont inuous  r i n g  l i k e  t h e  Uranus o r  Sa turn  r i n g s  would 
have t o  i n t e r r u p t  t h e  l i g h t  tw ice  (once when the  star went i n s i d e  t h e  r i n g ,  
and once when it came back out).  The Arizona group didn ' t  observe a second 
o c c u l t a t i o n ,  and so they decided t h a t  t h e  s i n g l e  event was caused by an 
unknown s m a l l  s a t e l l i t e  w i t h  a d iameter  of about 100 km, probably loca ted  i n  
an o r b i t  a t  a d i s t a n c e  of about 75,000 km from Neptune's c e n t e r  ( t h r e e  
p l ane ta ry  r a d i i ) .  
g e t t i n g  such an o c c u l t a t i o n  by a s i n g l e  s m a l l  s a t e l l i t e ,  and wondered if 
t h e r e  might be more than one such o c c u l t i n g  body. 
I n  1982, a group of as t ronomers  from Vil lanova Un ive r s i ty  examined some 
o l d  Neptune o c c u l t a t i o n  d a t a ,  and argued t h a t  t h e i r  r e s u l t s  i n d i c a t e d  a 
c lose - in  Neptune r i n g  system extending from about 1.14 t o  about 1.31 Neptune 
radii .  The 1981 d a t a  hadn't probed t h i s  region. But t h e  Vi l lanova  observa- 
t i o n s  weren't confirmed by o t h e r  o b s e r v a t o r i e s ,  and have not been accepted  
as d e i i n i t i v e  f o r  t h i s  reason. 
More obse rva t ions  were made i n  1983, t h i s  t ime  inc lud ing  t h e  r eg ion  
occupied by t h e  proposed ' 'Villanova ring", bu t  no o c c u l t a t i o n s  by the  r i n g  
were seen. 
a t  l e a s t  none which could be d e t e c t e d  from t h e  ear th .  
M a t e r i a l  wh;.ch i s  l o c a t e d  between the  star and t h e  
But no r i n g  m a t e r i a l  was found. With one except ion,  
Some s c i e n t i s t s  were bothered  by t h e  low p r o b a b i l i t y  of 
P l ane ta ry  s c i e n t i s t s  concluded t h a t  Neptune had no r i n g  system. 
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Another oppor tun i ty  t o  s e a r c h  f o r  Neptunc r i n g s  occurred i n  J u l y ,  1984. 
The o c c u l t a t i o n  was p o t e n t i a l l y  v i s i b l e  from t h e  w e s t r r n  hemisphere, al-  
thovigh t h e  i n i t i a l  p r e d i c t i o n  i n d i c a t e d  t h a t  t h e  shadow of Neptune would 
pass on ly  over t h e  sou the rn  part of t h e  ear th .  
p r e d i c t i o n  i n d i c a t e d  t h a t  t h e  shadow was even f a r t h e r  south,  so t h a t  not 
even South America would be  included i n  t h e  path. There seeued t o  be l i t t l e  
oppor tun i ty  t o  l e a r n  anything new about Neptune, but n e v e r t h e l e s s  p l a n e t a r y  
astronomers  set up experiments  a t  two o b s e r v a t o r i e s  i A  Chile. A group 
from l a r i s  Observatory and o t h e r  European i n s t i t u t i o n s  monitored t h e  star 
from two t e l e scopes  a t  t h e  European Southern Observatory (ESO). About 100 
km t o  t h e  south,  F a i t h  Vilas from t h e  U n i v e r s i t y  of Arizona obeerved a t  
t h r e e  d i f f e r e n t  wavelengths from a s i n g l e  t e l e scope  a t  Cerro To lo lo  I n t e r -  
American Observatory (CTIO). 
Both of t h e  ESO t e l e s c o p e s  d e t e c t e d  a s t r o n g  o c c u l t a t i o n  event  when t h e  
s tar  was approaching t h e  p l a n e t ,  a t  a d i s t a n c e  of about t h r e e  Neptune r a d i i .  
The European astronomers  i s sued  a b u l l e t i n  t o  o t h e r  observers ,  no t ing  t h a t  
t h e  event  was "less than  two seconds long", and t h a t  t h e  s tar  l i g h t  dropped 
by about 35%. They saw no o t h e r  event. Vilas was not  monitor ing he r  d a t a  
i n  r ea l  t ime a t  a r a t e  f a s t  enough t o  r e v e a l  such a n  event ,  and d i d  not  
immediately confirm it. 
a magnetic t a p e  which contained a r e c a r d  of t h e  s t e l l a r  i n t e n s i t y  a t  t h e  
t h r e e  wavelengths a t  1/100 second i n t e r v a l s .  
examined t h e  CTIO d a t a  i n  d e t a i l  i n  December. He found t h a t  Vilas' d a t a  
a c t u a l l y  d i d  con ta in  a v e r y  similar event  t o  t h e  cine r e p o r t e d  by t h e  ESO 
group ear l ier ,  and he  con tac t ed  t h e  t h e o r i s t  i n  charge of t h e  ESO group, 
Andre Brahic  of t h e  Un ive r s i ty  of Par is .  Hubbard and Brah ic  m e t  i n  Tucson 
i n  January,  and exchanged t h e i r  data.  They have obtained t h e  fo l lowing  
r e s u l t s  from comparison of t h e  d a t a  sets from t h e  two Chilean obse rva to r i e s .  
These r e s u l t s  w i l l  be presented a t  t h e  Lunar and P l a n e t a r y  Science Con- 
f e r e n c e  i n  a paper authored by t h e  above-l is ted personnel,  and given by 
Hubbard. 
f o r  p u b l i c a t i o n  elsewhere.  
A f u r t h e r  r e f inemen t  t o  t h e  
She brought h e r  d a t a  back t o  Tucson i n  t h e  form of 
The t h e o r i s t  i n  charge of t h e  Arizona experiment,  W i l l i a m  Hubbard, 
A d e t a i l e d  paper i s  i n  p r e p a r a t i o n  and w i l l  be submi t t ed  s h o r t l y  
The Chilean o b s e r v a t o r i e s  (ESO and CTIO) d e t e c t e d  a segment of o c c u l t -  
ing m a t t e r  which i s  a t  least 100 km long, and which is about 1 5  km across .  
It is  i n  an o r b i t  which i s  probably i n  t h e  Neptune's e q u a t o r i a l  plane,  
approximately 75,000 km from t h e  p l ane t ' s  center .  Matter i s  no t  densely 
packed i n  t h e  o c c u l t i n g  segment, which i s  about 70 per  c e n t  t r anspa ren t .  
The event occurred 0.13 seconds ear l ier  a t  ESO than a t  CTIO, and from t h e  
t i m e  d i f f e r e n c e  it can be determined t h a t  t h e  p o s i t i o n  ang le  of  t h e  segment 
i s  n e a r l y  t h e  same as t h e  p red ic t ed  p o s i t i o n  ang le  of a n  e q u a t o r i a l  r i n g  
segment. The p r o f i l e s  measured a t  ESO and C T I O  appear t o  be i d e n t i c a l .  
mu l t i channe l  d a t a  from CTIO prove t h a t  on ly  t h e  s ta r  and n o t  Neptune was 
occu l t ed  during t h e  event ,  adding f u r t h e r  c r e d i b i l i t y  t o  t h e  de t ec t ion .  
Since t h e  segment was observed by t h r e e  t e l e s c o p e s  i n  a l l ,  t h e r e  can be no 
doubt about i t s  r e a l i t y .  
should have been crossed a second time. It t h u s  appears  t h a t  t h e  o b j e c t  is  
not a complete r ing ,  but r a t h e r  a l o c a l i z e d  swarm of p a r t i c l e s  which f o l l o w s  
o r i n g  o r b i t  over a l i m i t e d  range of longi tudee.  In  o r d e r  t o  avoid confu- 
s i o n  w i t h  t h e  s t anda rd  use  of t h e  word "ring", Brahic  and Hubbard suggeot 
t h a t  t h e  f e a t u r e  be c a l l e d  an "arc" (which has  t h e  same meaning i n  Eng l i sh  
and French).  
It i s  not yet  c l e a r  how t h e  1984 arc  d e t e c t i o n  i s  r e l a t e d  t o  previous 
The 
Nothing i s  seen on t h e  o t h e r  s i d e  of Neptune, where a complete  r i ng  
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obse rva t ions ,  i n  p a r t i c u l a r  t o  t h e  1981 8-second event. The l a t t e r  could 
a l s o  be i n t e r p r e t e d  a8 an  a r c ,  but i f  so, it is q u i t e  d i f f e r e n t  from t h e  
1984 event. I f  i t  was an  a r c ,  it was nea r ly  completely opaque, and had a 
wid th  of about 75  km. 
The d i s t a n c e  of t h e  a r c  zone from Neptune is not  p r e c i s e l y  known be- 
cause so f a r  t h e r e  has  been no confirmed o c c u l t a t i o n  by both an a r c  and t h e  
planet.  Eubbard has  r e p o r t e d  a p o s s i b l e  very  veak, broad, o c c u l t a t i o n  from 
1983 Neptune d a t a  a t  a d i s t a n c e  of about 76,400 km from t h e  p lane t ' s  c e n t e r ,  
but  t t i s  f e a t u r e  l acks  conf i rma t ion .  In any case,  it is  c l e a r  t h a t  t h e  a r c  
zone l i es  o u t s i d e  t h e  convent iona l  Roche l i m i t  of Neptune. Within t h e  Roche 
L i m i t ,  t i d a l  f o r c e s  from Neptune prevent t h e  aggrega t ion  of s m a l l  p a r t i c l e s  
i n t o  moons, whi le  o u t s i d e  t h e  Roche l i m i t ,  t h e  mutual  g r a v i t y  of the p a r t i -  
c l e s  should u l t i m a t e l y  p r e v a i l ,  causing them t o  form s a t e l l i t e s .  
t h e  a r c s  are an i n t e r m e d i a t e  s t a g e  i n  t h i s  process. 
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